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Recent surveys of medical computing in the U.S. have indicated
the significant increase in the penetration of computer applications
in the hospital by 1980 when compared with that in 1976 or 1977. The
phenomenon of medical computing as a growth business within the
hospital growth business is supported by on-going developments of
patient care systems up to and beyond 1985. Nevertheless, patient
care systems are at an early stage of development as they are still
lagging behind other industries in the use of computers in general
and in the application of 4GL in particular.
This report describes the U.S. medical computing market and
competitors' product profiles as of to-date. It describes in some
detail the salient features of the principal products available and
what and how 14GL facilities are provided by these products. A
definition of 4GL in terms of facilities, major attributes and
descriptions of the user progression profile, basic framework and
evaluation criteria are also given to provide a background against
which medical computing products can be evaluated to arrive at
certain observations and conclusions.
The major recommendations are to encourage the use of 4GL in
medical computing to develop application packages by using 1GLs and
to use 4GL within the framework of an action plan which aims to
provide the requisite organisation and strategic direction for the
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Computing As a Key Hospital Resource
In countries where technological innovation is a major
factor in improving productivity, it has been established that
computers are the best way to improve hospital productivity (12)
According to a joint study by ECHO, IBM and NOLAN, NORTAN Co.
There was, in the U.S., an average of one computer terminal for
every 10 beds, with some hospitals approaching a ratio of
one-to-one. (12)
Even in technologically less advanced countries like the
U.K., New Zealand and Singapore, computing has been accepted as a
key hospital resource. In U.K. following an overall evaluation in
June, 1982 of the National Health Service Computer Research
Development programme, it was established as a national policy for
all health authorities to put into effect by April, 1988 the
recommendations of the Steering Group on the improvements in the
information available to National Health Service management about
hospital and community services, manpower and finance. (10)
In Singapore, the Ministry of Health was convinced of
the improved productivity throughout the whole organisation
without a detailed cost/benefit study. With the support of staff
from the National Computer Board, the Ministry launched in 1984
Phase I of their 3-phased computer project for six major hospitals
and ministry HQ. It is planned that Phase 3 will be completed by
1988.
2In New Zealand, the Government approved a re-equipment
programme in the Department of Health Data Processing Division in
September, 1982 (11) on Health Services Computing (ABHSC). A new
strategy for health computing was recommended by the Advisory Board
on Health Services Computing (ABHSC) and was confirmed for adoption
in June, 1984.
Growth of Hospital Data Processing
In the U.S., the Health Industry is the third largest Industry
in annual expenditure, which has grown at an average annual compound
rate of growth of 11.6% from $27 billion (5.3% of GNP) in 1960 to $247
billion in 1980 and is expected to reach $821 billion in 1990 at 10.8%
of GNP. The total number of staff employed in 1980 was about 5 million
and accounted for 70% of medical costs.
The application of information technology is required to
cope with the ever-increasing need to improve productivity in the
growing Health Industry. The average funding of data processing in
the U.S. grew from 1.7 percent of total hospital income in 1976 to
2.2 percent of income in 1980. (12) This increased funding has been
reflected in substantially increased coverage of hospital automation
in 1980 when compared with applications porfolios in 1976 when Nolan
conducted his first study of data processing in hospitals. However,
the Nolan Study of 1980 indicates that the attempted coverage of
hospital automation was only.about 32% of the business functions of
all US hospitals in 1980. The effective percent coverage was only
23%. Future growth in hospital computing will be considerable and
inevitable.
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Compared with trends elsewhere in the world, it can be
concluded that data-processing is a growth business within the
growing Hospital Business.
Development of Computing Software
As there is an ever increasing demand of computer
software in medical computing, there is an urgent need as. in other
data processing applications to improve the productivity of application
development in order to cope with the software crisis. The
introduction of on-line software development and structured
programming techniques and design methods resulted in programming
productivity gains for the programmer. However, these gains were
more than offset by hardware advances and increased programming
interfaces between different individual sub-systems. (12)
An effective and efficient means to improve software
development productivity is to involve the end-user in the
development process. This involvement is made possible by using
the fourth-generation (4GL) computer languages. The 4GL can
typically be used directly by the non-programming end-user whereas
the 3GL are languages and productivity tools for the programmer.
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Attributes of 4GL
Although 4GL and 3GL are basically computer language
extensions, the 4GL have the following distinguishing attributes
(1) results are provided in one-tenth of the time with
COBOL, or less (Martin (3))
(2) they or their workable subset can be learned by the
end-user within two days (Martin (3))
(3) they contain elements of non-programming which refers to
nonprocedural code. A nonprocedural language specifies
what is accomplished but not in detail how.
(4) they should be very friendly to users who can be broadly
classified as (A) DP professionals and (B) end-users.
Under category A, they can be general system development
tools for different applications for uses by analysts.
Under category B, they tend to be very application
specific as the end-users tend to communicate in terms
of the functionalities and data definitions of their
special applications.
(5) they are usually coupled with the use of the data-base
management system.
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Evolution of 4GL Software
The above classic definition of 4GL should be reinforced
by looking at the evolution of 4GL in the context of software
evolution history.
- In 1960's, databases management systems appear
- In late 60's, time sharing and TP monitors appear
- In late 70's, data dictionary/directories appear
- From the early 80's, dictionary/directory integration
evolves.
- 4 GL software starts appearing in 1980, possessing the
attributes specified above, and providing the
additional facilities of graphics, screen printing
and code generation. Diagrammatically, the evolution








Exhibit 1- Evolution of 4GL Software
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Hospital Computing Architectural Framework
4GL as a 'productivity tool for the end-user should be
considered in the context of an industry architectural framework
for hospital computing. This framework for the 1980s, according
to Nolan, includes the notion of utility technologies that need
to be closely managed by the hospital as a whole and functional
technologies that are function or end-user specific.
Utility technologies which form the common resource
include the hospital data, record-keeping automation,
communications networks and central processing to support the
hospital functions. The function-specific ones include
application development tools for programmers and 4GL for non-
programming end-users. It is pertinent to note that the
development of the functional technologies are based on the rules
.and guidelines defined by the central utility technologies. In
particular, 4GL depend on the use of on-line and database
technology enabling users to interact directly with the computer.
A Definition of 4GL
In terms of facilities, Martin (3) defines 4GL to
consist of the following set of facilities for application
creation without conventional programming:
(1) simple query facilities




(6) very high-level programming languages
(7) parameterized application packages
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At present, many 4GL products do not have the full range of
capabilities. This is also partly because the targetted end-users
usually progress from facility (1) through (6) as they increase in the
level of sophistication in' the use of the 4GL tools. 4GL facilities
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Exhibit 2- The progression of end-users in the use of 4GL and a
structured scheme of 4GL.facilities.
8A definition of 4GL either in terms of basic attributes
or facilities seems incomplete without a definition of the
underlying structure or 'philosophy' upon which the 4GL's
uniqueness is built. 4GL is based on the concept of information
engineering which refers to the set of interrelated disciplines
needed to build a computerized enterprise based on data systems
(2). Information engineering is primarily focused on the data
.that are stored and maintained by computers and the information
that is distilled from these data. This is in contrast to certain
sub-sets of 4GL which might also be considered in terms of
software engineering facilities. However, software engineering is
primarily focused on the logic that is used in computerised
processes as the term software engineering refers to the set of
disciplines used for specifying, designing and programming
computer software.
For ease of reference, the set of closely interrelated
4GL facilities as based on the information concept of centering
around data systems is referred to in this report as "Integrated 4GL.
These facilities include data directories/dictionaries, DBMS,
transaction processing management system, communication links,
screen formatter, report processor/generator, application genera-
tion, query generator, decision-support systems, graphics etc.
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Study Objectives
The objectives of this study are:
(a) to obtain information regarding the use of 4GL in
medical computing
(b) to provide an evaluation regarding the ways in which 4GL
are used and,
(c) to provide an insight if possible, into better use of




Summary of Methodology of Study
To achieve the said study objectives, the methodology of
this study consists of the following steps:
1. To carry out a general survey of the uses of 4GL in
medical computing through computer literature and
product information from vendors. (Information from
h/w, s/w vendors is partly based on application s/w
knowledge acquired by the author as a result of his
involvement with vendors who responded to the H.K.
Government Request for Information regarding the
provision of computer systems for Hospital Information
Systems for all hospitals in the public sector in.H.K.
No confidential information, however, would be disclosed
as the relevant information would be on certain software
tools or 4GL which have been publicly announced by the
vendors concerned.)
2. To define a set of evaluation criteria for the
evaluation of the selected 4GL.
3. To evaluate or to make observations.
4. To draw study conclusions and possibly to recommend on
aspects regarding the use of 4GL in medical computing.
11
CHAPTER III
GENERAL SURVEY OF USES OF 4GL
IN MEDICAL COMPUTING
Scope of Medical Computing
Medical Computing in a broader sense includes Hospital
Computer Systems and Health and other medical care computer
systems. However, this term is practically synonymous with
Hospital Computer Systems which can be extended to cover
epidemiological and clinical research and planning and control of
Health Authorities programmes and Health resources utilisation and
evaluation.
Hospital computer systems currently available from
computer manufacturers, hospital associations and service bureaus
may be classified as follows:
(1) Business information systems for finance and
administration, including
. financial operations such as general accounting,






(2) Medical or total information systems for systems
centred around patient administration, and patient
medical records, including
• medical records administration,
patient registration, and
• admission/discharge/transfer and
(3) Special systems for medical support, including
• ancilliary such as clinical laboratory, radiology,
pharmacy, operating rooms,
• miscellaneous such as therapy, dietary, housekeeping
etc., and
• physician and nursing support.
As the data-centred approach of systems analysis and
system implementation is preferred in the long run to the
traditional process-centred approach, the hospital computer
systems grouped under each of the above 3 categories are built or
best conceived to be built on data as a separate and central
resource.
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A result of this data-centred approach tends to
integrate the scope of the medical information system with
patient-related aspects of administrative and business functions
under (1) and the communications aspects of medical support
systems under (3). In particular, the integration of (2) and (3)
is commercially termed patient care systems in contrast to
Business information systems.
Under the integrated system concept, the scope of
medical information systems expands to embody all the
communications and data-handling tasks of the hospital by building
on the central utility technologies of communication network and
database stated in Chapter I.
In summary, the scope of hospital computing in terms of
major business functions can be described under the three groups
of computer systems and under the three management levels of
operations support level, management control level and strategies
or long-range planning level. This scope and the penetration of
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An Assessment of U.S. Medical Information
Systems Up to 1977
In November 1977, the US Senate published a report (16)
on an assessment of the policy implications of computer-based
medical information systems. In this report, a medical
information system was broadly defined as a computer-based system
that receives data normally recorded about patients, creates and
maintains from these data a computerised medical record for every
patient, and make the data available for the following uses:
patient care, administrative and business management, monitoring
and evaluating medical care services, epidemiological and clinical
research, and planning of medical care resources.
The above definition implies four functions to be
performed by medical information systems, i.e.
(1) date capture, storage and maintenance of patient medical
data
(2) provision of data to patient care and administrative and
business functions
(3) provision of administrative and communication functions
(4) provision of data for investigations regarding quality
of care, clinical decisionmaking, research and planning.
The study concluded that no medical information system
up to 1977 performed all four functions. This agreed with the
Nolan survey conclusion that 1976 penetration of computers was
low.
Also, this study of medical information systems excluded
Business computer systems already widely in use and Special
Systems.
16
The 1977 Assessment Report mentioned, inter alia,
several factors to improve the effectiveness of medical
information systems. These were,
facilities for medical care providers to enter and
retrieve data directly
- high-level computer languages resembling conversational
English
more portable software for microprocessor
- introduction to medical information systems of
techniques allowing software to be modified for
different settings as these techniques were available to
other industries and
- low cost, portable terminals
These are, in fact, the factors that require use of the
set of facilities grouped under the 4GL entity.
Coverage of Hospital Computer Systems in 1980
and Further Requirements
According to the Nolan Study (12), the information
'technology in the traditional central computer was perceived to
contribute in 1980 only 36 percent to the effectiveness of
computer support and this percent was expected to drop to less
than 20 percent as a result of technology innovations. The
challenge was to develop applications by taking advantage of new
technologies of on-line and terminal systems as well as new
application development tools.
17
As shown in Exhibit 2, the penetration of computers in
1980 in the porfolio of hospital functions was significant as
compared with that in 1976. However, the average percent of
attempted coverage was at 32% and this low overall attempted
percent is indicative of the tremendous cost-effective
opportunities for automation. In fact, the application
development backlog in a typical hospital is one to three years.
Besides, the industry, average percent of effective
coverage as based on user evaluations of the adequacy of existing
systems was only 23%. This lower percent compared with the
percent for attempted coverage reflected the quality of the
existing computer systems in supporting hospital functions as
effectiveness is the quantity and quality of support that a
hospital receives from computer applications.
The quality problems of hospital computer systems were
also reflected in a 1981 survey of d.p. spending patterns in
developing, running and maintaining the applications. The survey
(12) showed that maintenance and enhancements accounted for 14% of
total d.p. spending in hospital applications as opposed to 27% in
other industries. Major modifications are required for a number
of systems.
As hospital d.p. staffs are small compared with the
great demand for new systems and for more effective maintenance,
hospital computing has followed a trend evolving away from making
and toward buying, leasing or renting. Therefore, package systems




Historically, financial systems emerged in the 50's as
the first group of computer applications in the hospital. To-day,
there are financial and administrave systems of some sort in about
95% of the 3,000 acute care hospitals with 100 or more beds.
These 3,000 hospitals form the commercial target market segment
out of a total of 7,200 hospitals in the U.S. The U.S. market for
financial and administrative systems is therefore relatively
mature notwithstanding the considerable market potential in the
sub-set of applications in resource management and financial
decision support types of applications.
On the other hand, the development of medical
information systems technology has been much slower with private
industry being the major source of funding for research and
development. In 1976, only 5 out of 15 computer companies
developing such systems had operational systems installed in
hospitals. These five medical information systems were marketed
by the Technicon, National Data Communications, Data Care Systems,
McDonnell Douglas and Medicus Systems Corporation. Also IBM and
Burroughs offered a variety of applications that could be combined
into an integrated system. New systems were being developed using
mini-computers.
A 1974 survey of ambulatory care identified only 4 out
of 175 sites which had systems with all data used in providing
patient care but none of these were offered by commercial vendors.
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Recently developed commercial packages are marketed as
patient care systems which are almost but not quite synonymous
with medical information systems. Patient care systems usually
provide only indexing or summary of medical records whereas
medical information systems focuse on medical data content in
general and medical records in particular and should extend to
detailed medical records. Patient care systems resemble medical
information systems in being data-centred around the patient
entity and being integrated through interdepartmental
communications between the database, the ward and the ancillary
departments. As the development of patient care systems towards
integration especially for large hospitals only took place in the
early 80's, very few patient care systems operational now are
truly integrated.
This lack of integration in patient care systems has
been due to the two broad approaches to the development of patient
care systems. Historically for a typical hospital, either the
pathology laboratory or the ADT (admission, discharge, transfer)
application with the setting up of the patient master database was
computerised first. This resulted in having two different systems
for respectively the Laboratory and the rest of patient care. In
the 70's, there were few integrated systems provided by the same
vendor. Within a hospital, these systems could run on two
physical computers of different vendors or be based on two packages
using different system architectures even when they belong to the
same vendor. As there was in the 70's a lack of spending in
maintenance/enhancements, a number of vendors have just completed
or still in the process of developing their second or third
generations of patient care systems and laboratory systems which
hopefully would integrate with each other.
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The Chinese University Experience in H.K.
In 1984 and early 1985, the Chinese University of H.K.
together with the Government launched a joint exercise aiming at
the computerisation of the pathology laboratories of the newly-
commissioned Prince of Wales Hospital. The selection stage of the
project was completed in early April, 1985 and provided a good
example of the developmental status of the product profile of most
vendors as there were only a few proposals offering operationally
proven integrated laboratory systems, not to mention integrated
patient care systems. Within the pathology laboratories, there
are several basically independent disciplines like chemical
pathology morbid anatomy, microbiology, virology and haemtology.
Of the 12 proposals by vendors, there were 6 offers of integrated
laboratory packages and 4 offers being integrated operationally
within their patient care system packages.
It was found necessary during evaluation to define
integration within the Laboratory system. Integration was defined
as providing a common shared databases using the same DBMS,
(Data Base Management System), providing data entry of data common
to different laboratory disciplines to be performed once and the
capabilities of merging by patient of results of different laboratory
disciplines. Integration within a patient care system was a separate
issue and in order to limit the project scope, integration with ADT
(Admission, Discharge, Transfer) was considered. The broader
definition of integration within patient care system could be defined
to consist basically of interdepartmental communications betwden the
common data base, the ward and the ancillary departments and the central data
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administration procedures and other features required of the
common patient master data base. The common data base concept,
however, does not preclude the establishment of specialised
departmental data bases so long as these infrastructures and the
links are made transparent to the users.
Competitors' Profile in the US Hospital DP Market
The market products are conveniently dichotomised into
a) Financial and b) Patient Care interdepartmental
communication. Competitors offer a variety of system
configurations, such as remote batch, shared processing,
distributed processing, turnkey, and mainframe computers for
in-house programming. 1981 estimates were that shared systems
service 330,000 beds (33%), in-house programs and mainframe
service 340,000 beds (34%) turnkey systems service 70,000 beds
(7%), and other services 260,000 beds (26%). A profile of the
specific competitors in market are shown in Exhibit 4, Major
Competitors in the Hospital Data Processing Market 1981.
A Comparison of Shared System vs Turnkey System
From Exhibit 3, shared processing is applicable to
financial applications but patient care applications are housed
within the hospital compound for operational reasons. The 1981









Exhibit 4- Major Competitors In The
Hospital Data Processing- Market
1981
Type
Application Company of Supplier Service

























Major Competitors In The Hospital Data ProcessingExhibit 4
Market 1981 (Sources: Alex. Brown Sons and
Corporate Literature, U.S.)
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Since late 70's turnkey systems have received prominence
in the US Market place because of the reduced h/w costs, more and
better software available, and a balance of flexibility and
control offered by own turnkey systems. However, the shared
systems will continue to be acceptable as they are also
cost-effective taking into account the wider porfolio of functions
and services offered.
Shared systems require even less staff than turn-key
systems for application implementation and maintenance. Usually,
faster responses are provided by shared systems to changes such as
reimbursement rate, billing form, reporting requirements whereas
turnkey users must wait for the vendor to upgrade the system and
possibly each individual program if they are custom developed.
Services by shared system usually include better documentation,
on-going education and customer support and in some cases, added
services like microfiche, link to hospital supply manufacturers
and an integration of financial and patient care data for
management and operational reporting. Therefore, shared system
where several hospitals could use the same equipment on a batch or
partially on-line basis is a strategic alternative to be
considered by users who wish to reduce the d.p. organisation and
initial capital outlays to the minimum necessary and yet benefit
from computerisation in their hospital functions in the fastest
possible time.
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The two major competitors in the US shared system market
are SMS and McAuto which together controlled in 1982 over 70% of
this segment. As an example of shared systems, SMS supplies its
services via a nationwide on-line data communications network.
All data collected is transmitted via terminals or minicomputers
and leased telephone lines to the Company's data centre located in
suburban Philadelphia, where it is stored or processed on large
IBM computers of Models 3033, 3081 and 370/168 AP. Over 80% of
the Company's clients use Company-installed minicomputers as
replacements for terminals, for special applications, and for
editing of data prior to transmission.
Shared system can be attractive as it minimizes
investment in hardware and personnel costs for those applications
which are best processed centrally (shared). The local/
distributed minicomputers are mainly used for those applications
best suited for processing on-site at client locations for patient
care. For financial systems, both shared system and turn-key




Strictly speaking 4GL refer to the set of facilities
stated in Chapter I and should be categorised under those
facilities. However, 4GL facilities, together with other software
development aids and tools, are conveniently classified in product
categories according to their applicability at various stages of
the application development life cycle. Such a product
classification is given at Exhibit 5, a Life Cycle Index of
General 4GL and Related Products. (9)
The first five of the six categories place emphasis on use by
DP Professionals to speed up the development process for
programming applications. Under tools for the first category of
Requirements/design, Data Dictionaries can also be a 4GL facility
when they can be used directly by systems analysts to define
requirements of data and related processes. Likewise,
Documentation Aids and System Design Methodologies can be
similarly used. The idea is for analysts to define data
requirements without writing the conventional part of program
specifications and without the need of programming by programmers
for these aspects. Therefore, the Life Cycle Stages are
considerably shortened when these 4GL tools are used.
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Similarly, facilities under Program Development and
Maintenance Improvements can generally be considered 4GL as they
are related to use by DP Professionals for an improved system
development/maintenance life cycle. Facilities under Test
Validation and Management Configuration Control refer to general
productivity tools other than 4GL.
Facilities under Information Centre are basically 4GL
facilities. They enable the two types of non-conventional
application development to take place (3)
1. Application generator used as a prototyping aid followed
by programming and
2. Application development without professional programmers
Under this category, DBMS, strictly speaking, is non-4GL
but the database connection of 4GL is so strong that 4GL consists
of Data-Base user languages and that use of data-base and on-line
communication facilities together form the utility technologies on
which uses of 4GL are based.
27
LIFE CYCLE INDEX
Applicable ProductsLife Cycle Stage
DIC- Data DictionariesRequirements/Design
DOC- Documentation Aids
SDM- System Design Methodologies




DBM- Data Base Management Systems
DOC- Documentation Aids




QRG- Query Language/Report Generators
SCG- Screen Generators
CPA- ComparatorsTest Validation




TDG Test Data Generators
CPR- ComparatorsMaintenance Improvement






DIC- Data DictionariesManagement Configuration Control
LIB- Librarians
PMG- Project Management
SDM- System Design Methodologies
ADS- Application Development SystemsInformation Center Products
DBM- Data Base Management Systems
DSS- Decision Support Systems
GRA- Graphics Packages
QRG- Query Languages/ Report Generators
SCG- Screen Generators
EXHIBIT 5- Life Cycle Index of General L+GL and
Related Products (9)
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The general 4GL facilities classified at Exhibit 4 are
used for application development in all industries, Hospital
Computer Systems being no exceptions. However, the extent to
which these general 4GL facilities are used differ between the two
broad categories of Hospital Computer Systems, i.e. financial and
administrative systems when compared with patient care systems.
General 4GL facilities are used more for financial and
administrative systems now but application specific 4GL facilities
are used more often for patient care systems.
Preprogrammed Application Packages: Financial
The porfolio of computer applications is different in
different hospitals as it depends on different needs and different
degrees of maturity in the use of computers (1). However, the
data and functional requirements for an application share
considerable similarities across hospitals. It is highly probable
for preprogrammed application packages, with slight customisation
to satisfy the needs of different hospitals. The major criteria
to assess applicability of translocation are the degree of
matching beetween client requirements and package facilities, the
flexibility and portability of the packages and the support for
implementation and on-going maintenance.
Financial management packages for hospitals are suitable
for translocation only within the same country because of similar
Government financial, accounting and legislative requirements.
Patient care packages are more suitable for translocation across
countries as a result of similar medical and para-medical
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professional practices. It is of good economic sense to
translocate proven packages to different hospitals both within a
country and across countries where applicable in order to avoid
're-inventing the wheel' and to shorten the development cycle.
Pre-programmed application packages, therefore, offer the most
cost-effective and productive use of 4GL facilities in Hospital
computer systems.
Typically financial management packages include the
following modules.
1. Patient Accounting- In-patient Accounting, Out-patient
Accounting, Utilization register, Accounts Receivable,
Physician Billing, Financial Patent Index.
2. Materials Management- Inventory, Accounts Payable,
Purchasing, Fixed Asset.
3. General Accounting- General Ledger, Management
Reporting'
4. Human Resources- Payroll, Personnel
5. Financial Planning- Forecasting modeling, budgeting,
income and third party analysis, state and federal
regulatory analysis management reporting and
performance measurements sensitivity analysis and
comparatively reporting.
6. Health care costing and case mix management
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Application packages are usually developed by a vendor
in a pioneering client hospital in a prioritised sequence or when
the need arises. For example, the financial planning packages
were given emphasis in the early 80's. Health care costing and
case mix management were developed after October 1, 1983 when the
medicare program began paying hospitals for impatient services
under its new prospective payment system. Now the health care
industry has a financial incentive for accurate cost information
at the procedure, patient, diagnostic, and product line levels.
Using previously developed systems as the foundation, software
vendors continue to develop specific modules/packages tailored to
the health care industry's new requirements such as the DRG-based
reimbursement schemes.
The critical issue in enhancing a set of application
package is how to interface the new modules to previously
developed modules and systems. This depends on the architecture
and system design of the historic systems and on the design of the
interface. The target is to provide standard interface because it
is only in the area of interfaces that standards, be they
industry-wide or within vendor, are applicable in order to follow
the proven rationale of layered architecture in building systems.
If the same DBMS is used in developing old and new
modules there is no interfacing problem. If an old module was
developed earlier on as an independent package using files, then
utility programs are required to interface it to the main set of
data-base programs using the main application data base. For
example for a patient care system centred around a patient master
database to interface to some financial package, a utility
31
program is required to convert data from the package files,
possible reformatting some fields, and writing the data on the
data-base. All subsequent updating may be done to the data-base.
Another utility program may be used to create the package files
from the updated data-base whenever the package programs using
these data are run (5).
If the packages are developed on different DBMSs, then
there are utility packages recently developed to provide access to
the different data-bases under different DBMSs. However, such
utility packages are limited in the DBMSs they can address. For
example, MSA, a software vendor, can provide interfaces between
IMS (incl. PL/1), IDMS, ADR/DATACOM and between OS and VSE.
By building the system facilities including 4GL around
the Data Dictionary, software and hardware vendors hope to provide
a high level of integration of software products including tools
and packages. For example, ICL provides a ruickbuild system of
products consisting of their Data Dictionary, IDMS, TPMS, Screen
Formatter, Query Master, Report Master and Application Master.
However, there are as yet no financial software packages provided
under Quickbuild.
A well-known software vendor, MSA, provides a family of
products named Information Expert (I.E.) consisting of Expert Data
Dictionary, I.E. Reporting and Retrieval, with Report Generation
by end-users, 4GL Report Creation by more frequent users, I.E.
Screen Painting, I.E. Query and I.E. Application Generator which
is yet to be announced, micro-mainframe links and I.E. facilities.
MSA claims that information from multiple packaged systems can be
accessed and that product boundaries are transparent to users.
Access to all on-line systems can be provided and a single report
can be created from the specific information so obtained. MSA,
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though originally a software house for financial applications, is
marketing to Hospital users their new packages specific for
Hospital Business processing together with their previously
developed business packages.
Therefore, the present trend of cross-fertilising the
ideas, and products between Hospital business applications and
business applications in other industries will definitely
continue.
Preprogrammed Application Packages: Patient Care
The market for interdepartmental communications and
patient care systems, as opposed to the financial applications
market, is not highly computerised to-date. This is one of the
fatest growing markets in the hospital information market, with
more than 100 decisions being annually made in the US and with
predictions of a $1.5 billion market by 1990. In 1982, the
competitors in the market include: HBO and Company, serving 270
hospitals SMS serving approximately 140 clients McAuto with 30
hospitals Technicon with 24 clients and others serving 150
hospitals. (Source: Alex Brown Sons Investments Banking Co).
This means fewer than 650 hospitals out of the 3,000 hospitals
over 100 beds currently use electronic interdepartmental
communications and patient care systems.
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Although the international hospital market is estimated
to be potentially two to three times that of the U.S., the level
of computerisation of hospitals in general, appears to be 8-15
years behind that of the U.S. however, the hospitals seem to want
the U.S. market level of sophistication. Excluding the U.S.,
European countries like U.K., Holland, Sweden and Denmark are
comparatively ahead in hospital computerisation. In the Middle
and Far East, Sandi Arabia, Taiwan and Japan are ahead of other
countries in the use of hospital computer systems. Australia,
Singapore and New Zealand have some penetration in isolated cases,
Hong Kong is starting the implementation of the first laboratory
computer system in May, 1985 and has completed by April, 1985 a
long-term 10 year computerisation plan for all hospitals in the
public sector (13). An implementation plan for the pilot hospital
of Princess Margaret Hospital has been completed in May, 1985 for
policy and financial approval.
In H.K. hospital computerisation plan recommends the use
of proven application software or packages and customising it for
implementation in the pilot hospital. The version of software for
the pilot hospital will be the national version for propagating to
other hospitals in the territory with further customisation as and
when required.
Patient care packages in demand should have the
following attributes:
. close match between facilities provided and user
requirements (both present and future)
Structurally modular and of layered architect to provide
portability, flexibility and maintenability
adequately documented
34
implemented on hardware and system software of proven
reliability, performance and adequate expandability
sufficient local and international vendor
support/services
adequately integrated with corporate database
sufficiently parameterised
operationally easy to use for end-users
price-competitive
source code availability should vendor be out of
business
Major patient care packages in competition are outlined
below:
1. Medpro System from HBO and Co.
. an on-line, real-time turnkey system on mini for patient
care and interdepartmental communications
. for hospitals with 116-838 beds average client is
non-profit hospital of about 320 beds
. largest user base of 210-270 users
5 application areas:
a) ADT and census
b) outpatient, emergency room registration,
ordering of services, direct billing
c) nurse station order entry and results
reporting
d) resource and patient scheduling and




individual departmental information processing for
pharmacy,-clinical laboratory
disadvantages:
a) non-standard installation approach resulting
in too much customisation
b) incompatible with new Four Phase generation
hardware
batch interfaced with financial information system
(IFAS) on HP h/w
2. ACTION System from SMS Corporation
an on-line, real time turnkey system for patient care
and interdepartmental communications
4 versions:
a) ACTION 200/400/600 on FOUR-PHASE mini (1975)
b) ACTION 1100 on DEC mini (1977)
c) ACTION 1500 on DEC VAX (1981)
d) ACTION 2000 on IBM mainframe (late 1981) for
hospitals with more than 1,000 beds
140 users in U.S. ACTION 200/400/600 Y2 ACTION 1100/1500
several ACTION 2000 users including U.K. South-West Thames Region)
About 47 application packages divided into 3 levels:
a) Level I- ADT, Patient Identification,
Outpatient billing,
Registration/Re-registration
b) Level II- Order Entry by station
c) Level III- Ancillary Department Systems
(e.g. Pharmacy, Laboratory, Radiology,.
Medical Records, Nursin)
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stand-alone or connected to SMS'network data centre
integrated with financial data under FMS package through
the COMMAND system which is based on the System 2000
DBMS and capable of inquiry into the COMMAND database
reports can be designed by end-users through COMMAND AD
HOC system and word processing possible through
MED-VERSE
integrates ancillary departments, nurse.ward with
hospital database
ACTION 2000 can be installed by non-programming field
service staff, light pen data entry, menu selection,
color displays, graphics, provides user defined
computing.
disadvantages- some applications undergoing
translocation from DEC-mini based to DEC-VAX based or to
IBM-based e.g. VAX version of Laboratory module being
tested in pilot hospital in February 1985.
Advantages- proven integration under System 2000 DBMS
reliable shared services providing two strategic
products for hospitals with less than and above 1000
beds implemented on reliable h/w and system s/w
integrated with own ancillary department and financial
packages reasonably user friendly.
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3. Patient Care System (PCS) from McAuto
on-line, real-time turnkey system for patient care and
interdepartmental communications
for hospitals with 400 or more beds
based on Tandem h/w
announced in 1979 15 users by end-1981
can integrate with financial management systems
including own HFC (Hospital Finance Control Systems)
can link to host computers (IBM 3033) at McAuto's Data
Centre which provides services to 500 users of HFC and
820 users of MR-II, McAuto's Medical Records Information
System with in-hospital microprocessor for data
capture.
With applications for ancillary departments and forms a
total hospital information system with HFC for shared
services and with MHS (mini-based hospital financial
system) for an in-house system
Disadvantages: some applications undergoing
translocation from DEC-based to
Tandem-based h/w.
Advantages: reliable and non-stop h/w integrated with
ancillary department and financial




Other packages usually run on minis. Examples are:-
1) Spectra Hospital Information System (HIS) from Whittaker
Medicus running on Data General Eclipse CPU.
2) PDS systems from National Data Communications, Inc.
running on Prime-mini.
3) Meditech's integrated patient care system running on
Data General's h/w. The package for laboratory
applications has been in much wider use. The integrated
system is for hospitals with less than 500 hospitals.
The packages are written in the MIIS language which is
similar to the MUMPS language used on DEC machines for
SMS's Action 1100/1500 series.
39
Other Major kL Facilities in Patient Case
A number of significant developments in the processing
development tools and 4GL facilities would be unduly neglected
if too much emphasis is placed on existing readily available
packages. Effective though those packages are in offering a ready
solution to the end-users, they do not provide a long-term, fundamental
solution to software development in general and the development of
application packages in particular. A more fundamental solution to
the automation of the development processes of analysis, design and
code generation would be through more logical and intelligent processes
and facilities and the generation of provably correct codes. These
facilities are being covered in the 5th generation computer projects
which have recently been started and will take at least another ten
years to complete. However, at the 4GL level one may emphasize the
development processes and other 4GL facilities in their contribution to
a better match between the business functions and the development of
design and more flexible and maintainable application software. In
the context of 4GL, the significant developments may be categorised
under the first six categories of facilities in the definition of 4GL
facilities in Chapter 1.
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The 'packages' discussed in the previous section
include a number of facilities which can be classified
under the first 6 categories referred to above. But
there are major development approaches not considered
as packages. Some of these major approaches are
considered below:
1. The PCS/ADS approach by IBM,
2. MAPPER Approach by Univac
3. BHIS approach by Burroughs
IBM PCS Approach
By 1982, there were about 100-120 hospitals that
have purchased IBM's patient care system (PCS). IBM's
PCS approach consisted of an 'engine' for the
development of application code, the availability of
base hospital application code and the ability to
tailor to individual hospital requirements through use
of the 'engine'.
The 'engine' is called ADS, Application
Development System, and is defined as a comprehensive
set of D.P. (mainly 4GL) tools facilitating design,
development, and maintenance of application code. The
objectives of ADS, similar to other 4GL tools in
general, are:
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permit end-users application development
isolate end-users from hardware and software
utilize hardware and software capabilities
reduce application development time
simplify application design and development
reduce and simplify application maintenance
protect application investment
To a certain extent, PCS/ADS is a
user-oriented system designed for ease of use by the
video display user and by the application developer.
It claims to be an application enabling system which is
a method by which applications can be created and
enhanced with little or no traditional programming. It
is structured to achieve usability and flexibility
through data independence and logic independence. By
data independence in PCS is meant the internal data
management functions using PCS Symbol Table, the Data
Manager, and the PCS Database without being affected by
either the DP logics (i.e. MVS, CICS, LIST/DCL Processors,
Screen/Dynamic Display/Print Managers, Special Programs etc.)
or the application logic (e.g. providing a bed census report).
By logic independence is meant the independence of the PCS
architecture from the DP logic and the application logic.
PCS Data Independence is defined in Exhibit 6.
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Exhibit 6 PCS Data Independence (Source IBM)
Data independence is probably the most
important basic attribute of any system on which 4GL
facilities/tools can.be built. That is why the data
base connection is so strong with 4GL facilities. But
4GL proper has to do with application logic. The
PCS/ADS application logic. consists of the following.
Screen formats
Print formats




The application logic is implemented through the
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Exhibit 8- PCS Architecture- Batch (Source: IBM)
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A great deal of the PCS/ADS application logic can
be specified by hospital staff as the skill level
required is much lower than that for COBOL/CICS/DL1.
The other major advantages of PCS/ADS is the
productivity improvements in application developments.
In some c a s e s, an improvement of 3: 1 was achieved. In
fact, PCS/ADS was introduced in 1981 as an enhancement
version to replace the first version of the application
generator program originally introduced with the PCS
System in 1977.
The other part of PCS is the base hospital
application code of the Duke information system. This
consists of order entry, results reporting and
interdepartmental communications. However, other
applications have been developed by several independent
hospitals for their specific requirements, which may or
may not be conducive to other hospitals' needs.
Therefore the PCS System is not regarded as a
comprehensive 'packaged' system for all applications
within patient care.
As IBM currently supports only the PCS/ADS, the
PCS system requires a great deal of IBM software
support and inhouse DP staff for development as
compared with a packaged approach. This is because
each one of PCS' customers usually has modified the
architecture and generator in some minor way and the
architecture of the systems is not controlled by IBM.
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In summary, PCS/ADS is good productivity tool of
the 4GL type but PCS as an implementation approach of
patient care systems requires a relatively large number
of development staff to 'develop' the applications, as
based on the relevant models of applications. These
are: ADT and Pharmacy from Duke Hospital (1977)
Radiology from the Parkland Memorial Hospital (1979)
Order Entry from Sisters of Charity Hospital, Houston,
Texas (1982) or Mercy Hospital, Illinois (1983) or
Veteran Hospital, Taiwan (1983) Pharmacy (Dispensing)
from Sinai Ceddars Hospital or Veteran Hospital, Taiwan
(1983) out patients from National Taiwan University
Hospital (1983) etc. The above are examples of
PCS-based applications.
IBM markets PCS for over 400 bed hospitals. It
marketed HPMS since 1981 for smaller hospitals.
Although PCS/ADS can be used for developing
applications other than patient care, it is not used
for HPMS which is on a different series of computers
Series 34, 38. Also, there is not as yet a Laboratory
system operational as based on PCS/ADS. IBM has been
marketing a separate non-PCS Laboratory System, LDMS II
(Laboratory Data Management System II and Laboratory
Data Acquisition System) developed at the University of
Alabama Hospitals in 1974.
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MAPPER Approach by UNIVAC
Sperry Univac's 4GL product on Series 1100
computers is called MAPPER, an acronym for
MAintaining,Preparing, and Processing Executive
Reports. It is one of the first generalized
information processing systems capable of doing many of
the functions normally found in business data
processing. Like PCS/ADS, MAPPER is a tool, an
'engine'. Unlike PCS/ADS, it is a general tool being
used generally in business data processing and not
mainly for patient care systems. As a more general
tool, there are as yet no comprehensive patient care
systems developed using MAPPER, let alone a
parameterized, portable, preprogrammed application
package.
MAPPER is a user-oriented, interactive on-line
system. It is user-friendly to non-technicians, but is
not application specific. Its user creates and updates
files, reports and processing precedures in a real-time
environment at display terminals. Its processing
capabilities have grown considerably since its
inception as a Univac internal product in 1968. 11
years later, in 1979, MAPPER was released as a software
product by Sperry Univac. The first major application
using MAPPER, however, happened around 1975 for the
Santa Fe Railroad Co in Chicago.
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The successes of this and other cases led MAPPER
to be regarded as one of the first significant 4GL
tools. MAPPER provides a classical example of a
generalised 4GL tool as it possesses all the 5
attributes of a 4GL mentioned on Chapter 1. It is much
more than a report generator as its name may suggest as
a result of the following facilities:
. creating and maintaining its own report
structured and tabular data base
. real-time CRT Report Processing with a variety
functions such as Search, Sort, Matching, Report
Formatting and Computation.
interface to other batch systems
a unique form generation capability allowing
implementation of data bases, related report
processing and generating services for a new
reporting application without applications
programming.
A RUN function with user-oriented language for
functional sequence with logical decisions,
report generation and automating MAPPER data base
updating.
In September, 1982, the Ottawa Civil Hospital in
Canada completed a Patient Index application using
MAPPER. It planned to follow this with ADT and prbably
other option features modules such as Extended ADT, ACU
booking, radiology, order entry and dietary.
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The data base management facilities of the MAPPER
database are not as comprehensive as the facilities
provided by the Univac DMS 1100- a comprehensive DBMS
with much better facilities to model hospital data
entities at both the logical and physical levels.
Therefore, for heavy operational hospital uses in large
hospitals with over 1000 beds, a MAPPER-based system
may be inadequate to cope with the heavy demands of
processing for all patient care functions. In fact,
Sperry Univac has been marketing, for large hospitals,
a set of application software called PRODESP which has
1 major site in Brazil up to Feb, 1984. There are, of
course, other hospital systems based on DMS 100 and
conventional program development in North America and
Eurpoe. e.g. Madison Hospital in Chicago'.
As a generalised tool, MAPPER is incapable of
implementing hospital applications at the speed of
preprogrammed packages through customisation. Its use
is short of experience in generating compreshensive and
integrated applications for hospital computer systems.
Despite impressive productivity gains at 10 times the
productivity of COBOL, MAPPER is at best a development
tool for limited hospital applications by Univac
users. Undoubtedly, MAPPER has been most effective in
manufacturing and other applications. However, because
of the limitation in the hospital environment it is
not, in itself, a major tool being used for hospital
computerisation.
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Burroughs BHIS Laboratory Packages
Burroughs Corporation started hospital computing
in 1971 and now offers three basic types of systems:
the Hospital Management System (HMS), the General
Business Management System (GBMS), and the Burroughs
Hospital Information System (BHIS).
The GBMS and HMS modules together form an
in-house interactive transaction system running on
B1000 level systems and up. These systems are
integrated as a data system.
For the needs of larger hospitals and
multi-institution organisations, Burroughs offer the
BHIS system running on B6900 to B7900 series
computers. The h/w is capable of expanding to provide
online storage of over 100 GB and over 5000 I/O
devices. The 1984 BHIS user base is about 15
hospitals.
The BHIS, patient care system, consists of 11
separate though integrated modules including, among
others, outpatient registration system, pharmacy order
processing systems, medical records index, and patient
accounting. BHIS does not, however, provide a
specialised Pathology Laboratory System. It usually
markets a laboratory package, PATHLAB III developed by
Medlab of CDC. PATHLAB III runs on CDC CYBER 120
series computers and has an interface to BHIS. The
PATHLAB III is a proven, yet continually updated
pathology Laboratory Package used by 150 users.
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In 1984, Burroughs also markets another
Laboratory Package, the DELPHIC Laboratory reporting
system. DELPHIC was developed in 1982 by a Burroughs
user, a commercial Pathology Laboratory services bureau
in New Zealand. It covers the disciplines of
biochemistry, haematology, microbiology, serology,
cytology and histology. It is an interactive system
based on a Burroughs B1000 series computer and uses
multiple on-line visual display units and remote
printers situated in the Laboratory. Data acquisitions
provided by the Hewlett Packard HP85 desk-top computers
attached, to each analyzer and connected to the B1000
via a data communication line. DELPHIC also supports
optical mark reading and is integrated with a word
processing package mainly for microbiology. DELPHIC
can also be implemented on the B5500.
The DELPHIC Package
It is pertinent to study the DELPHIC Package and
its 4GL attributes. DELPHIC is basically data driven.
Its primary function is to provide information on
laboratory tests. In order to achieve this it must
collect data about the patients, about the tests
requested and about the results. All data is stored in
one data base.-
When a request is received by the laboratory a
new record is created to contain patient identification
data and a list of codes representing the tests and the
procedures to be performed. As results are completed
they are added to the request record.
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In order that the computer may collect this data
and translate it into information, it is necessary to
specify the significance and relationship of this
data. This is done through a set of dictionaries which
may be different for each laboratory. The dictionaries
are created when the system is installed and may be




TCP Dictionary for laboratory results
interpretation.
Format Dictionary for screen formats supporting
all communication between the terminal user and
the central system. These include menus and
worksheets.









Of particular relevance in the 4GL context are
the Format Dictionary and the TCP Dictionary.
Format maintenance is done through a list of
commands e.g CREATE, CHANGE etc. for maintaining the
screen formats defined in the Format Dictionary.
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The TCP Dictionary is used to validate and
translate into a report the abbreviated test results
stored as a coded result string. As logic is involved
in the translation, the logic is expressed in the TCP
'language'. This application oriented 'language' is
translated by the TCP assembler into a form which can
be used by the TCP interpreter for direct execution to
produce the laboratory results report on-line or by
batch.
The following observations are made on the
DELPHIC System.
1. The Directories are the core of the system
which is data driven.
2. Logic and processing are embedded as a part of
the Directories, enabling application
generation.
3. The TCP is both for application generation and
report generation.
4. Screen formatting and TCP are application
specific and end-user oriented.
5. There are procedural as. well as non-
procedural elements in the packages.
6. Screen formatting and TCP can be easily
learnt and these implementation tools
facilitate translocation and is one of the
alternatives to achieve application
• development productivity.
7. DELPHIC is a package.
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Therefore DELPHIC has all the basic attributes of
4GL and subject to satisfactory computer performance
should be a good 4GL tool. The only drawback in this
regard is that COBOL was used in its development
including the 'assembler' and the interpreter
programs. Nevertheless, the DELPHIC approach tries to
blend together the advantages of 4GL as general tools
and the application package as an effective
implementation means. It seems that such an approach
is feasible only in application-specific cases. The
use of general 4GL tools coupled with application
packages is not yet around.
The LINC Approach
Initially most high productivity computer
languages started with small computer systems.
Burroughs's LINC (Logic and Information Network
Compiler) started with B1000 small business systems but
the current version is for the complete range of
Burroughs computers (B1000 through B7000 and A Series
Systems). LINC was developed in New Zealand and there
were at least 10 users there by 1982 with over a year's
LINC experience (18).
The new LINC11 released, now planned to be
announced in May, 1985, will offer such significant
improvements in both feature content and performance
over current LINC Systems (485) that it is, according
to Burroughs, virtually a new product, though its
structure and design remain the same.
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This fact reflects not only Burroughs' efforts and
emphasis on this 4GL product but also the developmental
nature of current 4GL projects.
LINC is quite a unique product in the 4GL arena
as it is a comprehensive online real time system and
generation facility and has all basic 4GL attributes.
It consists of two major elements (19):
1. The LINC Definition Language (LDL) which is a
high level user oriented information
language, and
2. The LINC System Builder which creates the
data base and produces programs to maintain
it.
As a compiler LINC integrates the main Burroughs'
system functions: DBMS DMS/11, Database Inquiry System
DMS-INQ, Network Data Communication Handler and the
COBOL compiler. The LINC compiler will generate the
necessary statements for these standard software
components and create and maintain an on-line,
real-time application with full data base support. An
overview of LINC application generation and resulting
operations is shown in Exhibit 9 below.
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Define system specifications
in LINC Definition Language
Compile LDL and
generate system
Complete and Integrated System
Database Screen Handling Real time Input Programs I Report






Exhibit 9- Overview of LINC application generation and
resulting operations
A study (18) on the effectiveness of a 4GL in the
development and day-to-day maintenance of computer
application programs by Dr. Rudolph (18) has shown that
using LINC, the development time for application
programs is reduced by a factor of 20 when compared to
conventional systems and that changes to an application
program in operation could generally be applied within
24 hours. However, the use of LINC, if any, has not
yet resulted in one operational hospital application,
at least not to the author's knowledge.
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Decision Support Systems in Patient Care
As the set of facilities is built on the
underlying concept of information engineering instead
of the software engineering concept prevalent in the
70's, 4GL, while based on data systems, also address
the information that is distilled from these data.
In UK, the Joint NHS (National Health Services),
DHSS (Department of Health and Social Security)
steering group on Health Services Information (5)
recommended in 1982 that a minimum set of data should
be collected by a single patient information system on
all patients who occupy a bed in a ward. The patient
information system should be input and accessed within
the district where the data can be obtained as a
by-product of operational management from a patient
administration system. Also, the patient information
should be integrated such that local computerised
patient administration systems and the regional and
national data bases drawn from them should be
considered as a single entity. These Korner
recommendations were in line with the reorgnition
within the NHS of the goal of improving managerial
effectiveness as being inextricably linked to the
improvement of information-systems. However,
recommendations concerning such improvements have
primarily concentrated on issues of capture and content
of standardised information.
57
It was pointed out by Bailey (6) that equal
importance should be attached to flexibility in the
mechanisms by which this information is delivered to
management. Such mechanisms must integrate rather than
conflict with the diversity of the decision-making
environment of information to be used and therefore
translate into improvements on managerial
effectiveness. Therefore, any information system
within an organisation such as the Health Service needs
to be a dynamic and responsive tool. Integration of
data access with analytic power should allow requisite
information to be derived and adjusted iteratively by
managerial demand, rather than be standardised and
pre-defined. Hence there is the need to develop a
variety of 'Decision Support Systems' (DSS) to support
managerial decision making at different hierachical
levels.
4GL facilities in DSS should enable local
development of DSS systems for better use of existing
information resources without necessarily having to
improve on or extend the base-line information. Such
decentralised applications development by
non-specialists would reflect a similar trend in
commercial data processing towards development of
'information centres'
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In UK, a particular DSS called IFD (Information
for District) was designed to improve managerial
decision making in strategic planning and monitoring of
hospital inpatient and outpatient services, at a
District level. This system was developed at the
University of Exeter several years ago in close
conjunction with the East Anglian Regional Health
Authority and has since received several modifications
and extensions in response to about 500 of Health
Service managers who have attended to date training
programmes in information systems.
The kernel of the IFD system (7) is a data base
which contains coherent, linked summaries of all
available routine quantitative data concerning the
resources, activities and clients of the hospital
sector of the NHS. This may be supplemented by data in
the form of textual files and visual images. The main
emphasis is given to the assimilation of the existing
extensive sources of data in the form of an accessible,
easily-understood information system. The user
interface is regarded as a key element. Two methods of
access are provided,.by menus and by the use of
keywords. There are also specialised modules which
superimpose various analytical and modelling procedures
on data selected from the data base.
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The IFD system has been designed for portability
between different hardware and system software
environments. Most programs have been written in ANSI
Fortran 77, with additional system subroutines to
handle particular specialised functions. Features of
input/output and file handling which cannot be
accommodated in Fortran are channelled through a small
number of subroutines written in a low-level language.
The general approach is towards easy man-machine
communication and is characteristic of systems designed
for mini-or micro-computers rather than for
mainframes. The system was designed not to use a
standard DBMS by providing a 'Visicalc-like facility
for data maintenance. System development was carried
out under the UNIX operating system but the IFD package
is also available to run under the ICL VME on the 2900
mainframes and DEC VMS operating system on the DEC VAX
or PDP 11/44 minicomputers. The current agreed
programme provides for the installation of the system
in 4 of UK's 14 Regional Health Authorities to provide
a service for up to 60 District Health Authorities.
The introduction of the IFD system has played at
the very least an important educational role in
stimulating interest and subsequently increasing skills
in the use of quantitative techniques by managers.
There will be a greater demand for providing a greater
and how
range of facilities for what if .........?
best ......? types of quantitative analysis.
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CHAPTER IV
EVALUATION CRITERIA FOR 24GL
In Chapter 1, 4GL are defined in terms of 5 basic
attributes. The first attribute of productivity improvement by an
order of magnitude addresses the goal of 4GL as a solution to the
need for such facilities. The other 4 attributes can be summarised
by ease of use in develoFm ent for end-user participation because
application development without programming is the key to improved
productivity. The framework within which 4GL should function is that
they should be a set of interrelated disciplines in information
engineering which is centred around data systems. Therefore the
final requirement for 4GL for a certain computer application or set
of applications is that there should ideally be a single integrated
package or packages for all the detailed requirements or attributes
of 4GL.
Based on the above, the requirements or evaluation criteria
of 24GL are further elaborated below:
1. Improved productivity
Measuring productivity includes measuring a product
and a cost. Productivity can be operationally defined
as hours worked per function point delivered. This
definition has, for several years, been widely
accepted by IBM DP services and contributing GUIDE
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member installations. Hours worked includes all activities,
starting from the requirement definition and ending with the
acceptance of the product by the end-user. Specifically
included are the design phase, all documentation and user
training in operation of the product. Function points are
based on the user's external view of a program. Raw function
points are given based on the weights given to each of the program
elements and adjusted for levels of complexity classification. The
program elements measured (8) are:
- user external inputs
- user external outputs
- user external inquiries
- master files from a user's logical view, and
- interfaces to other application programs.
The raw function points are further adjusted by the level
of influence which a list of factors had on the design and implementation
of the program. The factors are data communications, distributed
processing, performance objectives, interactive online transactions
etc. (18).
The use of functions points is independent of the programming
language as it addresses the content of a program rather than its form.
This measure is therefore adequate to measure the product delivered.
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A study in New Zealand by Dr. Rudolph concluded
that an overall ratio of 20:1 productivity is observed comparing
LINC with COBOL or PL/1. This further endorsed Martin's suggestion
that 4 GL should be of an order of magnitude in terms of productivity
improvements over all 3GL languages.
2. Non-procedural language
The attributes of a non-procedural language should include the
following:
- The user specifies what is desired but not how it should be
achieved.
- There should be facilities for automatic data selection and
file navigation.
- There should be high level procedures and commands for standard
functions.
3. Simple Language subsets
- There should be a useful subset of the 4GL and this subset can
be learned in a 2-day course.
- After the course, the end users can leave the product for a week
and still be able to use it (4),
4. The 1+GL in which applications are written should be able to mature
by growing in capabilities through uses in more applications.
5. The 1+GL should ideally be independent of hardware, operating system
and TP monitor.
6. Applications written in the 4GL should be easily transferred to
another environment/user with minimum modification efforts.
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7. The 4GL should have good workbench capabilities
including
- filing, loading, storing
- good editing features
- powerful command facilities





- easy to learn and use
9. The 4GL should have multiple file or data base interfaces.
10. The 4GL should ideally provide relational views of logical
structures.
11. The 4GL should include an integrated data dictionary/data
directory,
12. The 4GL should have the capability to integrate with traditional
non-4GL software.
13. The 4GL should be operated on with an acceptable performance by
means of some language optimiser.
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CHAPTER V
EVALUATION OF SELECTED 4 GL
Chapter III broadly covers the uses of 4 GL under
pre-programmed application packages, information system generation
and decision support systems for respectively hospital financial
systems and patient care systems. It is quite difficult to apply the
evaluation criteria in Chapter IV to selected 4 GL. To evaluate a
set of 4GL based on the productivity criteria is in itself a research
study. Albrecht of IBM (14) conducted a productivity study on the
factors that were strongly associated with higher than average
productivity and concluded that one of these factors is the
programming language used, e.g. DMS/VS is more productive than COBOL
or PL/l as DMS/VS averaged 25 lines of code per function point
delivered but PL/l averaged 65 and COBOL averaged 110 lines. A study
on the productivity of Burrough's LINC (18) concluded that LINC is 20
times more productive than COBOL. However, LINC has not been used in
developing patient care systems. Burrough's BHIS and DELPHIC were
developed before the availability of LINC. Moreover, even LINC is
continually being enhanced and a major enhancement version LINC 11
will be released shortly. It will be up to future studies to examine
the productivity of 4GLs being used or to be used in hospital
computing.
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Comments on major individuals packages or 14GL-related
systems have been given under the relevant section in detail in
Chapter III. The following paragraphs refer to the general
observations by the author.
Financial Applications
For financial applications, the choices available in a
highly mature market include (a) shared systems and (b) in-house
turn-key systems under pre-programmed application packages and (c)
in-house systems developed under general 4 GL facilities. The
existing advantages and disadvantages of each approach have been
discussed. Use of general 4GL facilities can be evaluated by the
criteria specified in Chapter IV. The major additional requirement
is the integration with the patient care system in view of the
patient data-base and other resources in common.
Hospital financial packages are usually not suitable for
translocating across countries. 4GL facilities should be most useful
for developing new hospital financial packages in countries where
there are no proven packages.
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Patient Care Systems
Based on the general survey in Chapter III, an outline of the
writer's observations of patient care systems is as follows:
1. Before 1976, the development of patient care systems
was slow in terms of both the number of applications and
the penetration of computer applications in the functional
area. In 1976, there were only 5 companies in U.S. with
operational medical information systems besides groups of
basically separate applications by IBM and Burroughs.
Packages based on minis were being developed in 1976, for
example, SMS's ACTION on DEC PDP. In UK, the experimental
hospital projects took place throughout the 70's to early
80's. There were only several broad-based systems
operational in hospitals. One hypothesis is that the long
developmental time lags frequently 5 to 10 years and the
prospect of a low market discouraged industry before 1976.
2. After 1976, development of patient care systems began
to increase. In 1980, the penetration of computer
applications was significantly higher than 1976. Notable





SMS- ACTION 1100 on DEC PDP
1981ACTION 1500 on DEC Vax
ACTION 2000 on IBM 1981 (late)
1982ICL- PAS (Patient Administration
System)
1979Mc Auto- PCS on Tandem
1982ICL CARENET PAS (Patient
Administration
System)
In 1984, the following phenomenon are noted:3-
Implementation of main modules of major patient
care systems became track proven in pilot
hospitals. Late comers of patient care systems
are still being developed and tested in pilot
hospitals of clients.
Integration of application software beginning to
take place with new versions of special systems
like pathology laboratory to be integrated with
the major modules of patient care systems.
As the initial major efforts of developing patient
care took place in the late' 70s before the development of 4GLs
in the early 80's most patient care systems/packages were not
developed without programming by direct use of 4 GL by analysts




Burroughs- DELPHICS Pathothology Laboratory
System when it is used for
translocation. (Note- The
DELPHIC package itself was
developed using COBOL.)
Further general observations are:
1. Patient Care packages have not been developed with
Integrated )4GL.
2. Integrated !GL facilities have, since late 70's and
early 80's, been used by independent hospitals in
developing applications for their specific requirements.
As the vendor has no control over such developments, it is
difficult to find a comprehensive integrated set of
'packaged' systems of patient care which is capable of
'translocation'. For example, in the case of IBMs pcs,
models of applications are obtainable from different
independent hospitals who are not software houses and do
not guarantee support in development or maintenance of
their specific modules. In the case of ICL-PAS, there are
only 4 modules developed using lGL.
3. Integrated 4GL requires considerably much more time
and staff effort in development as compared with the
package approach. Sophisticated use of 4GL tools means a
re-learning process by analysis and programmers. As these
69
tools are not track proven, software bugs might require
technical people to resolve. The end-users are expected to
use these tools but 'experts are required to support.
4. There are more choices in packages and 14GL-based
systems for small hospitals than for large ones as there are




STUDY CONCLUSIONS AND RECOMMENDATIONS
Use of 4GL in Medical Computing
The first conclusion is that both 4GL and patient care
systems are respectively at an early stage of development. There
are real and urgent needs with far reaching implications for
progress in both fields. A synergystic marriage of the two
would be ideal because of the tremendous opportunity available as
a result of the marriage to meet the demand in the computer inudstry,
and in the use of information as a resource for the hospital. However,
medical computing is, as it has been, lagging behind other industries in
the use of computers in general and in the application of 4GL in
particular. The first recommendation is therefore to encourage the
use of 4GL in medical computing.
4GL and Packages
The second conclusion is that there has been since mid-70's,
a dilemma facing the decision maker of hospital computing. On the
one hand, the hospital user is faced with the need for productivity
and speedy implementation. On the other hand, he is faced with the
conflicting need for flexibility, maintainability and organisational
control of the process of development and maintenance of the volatile
product. Unfortunately, the alternatives now open to the decision-maker
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do not include a synergistic solution of having the best of both
worlds, nor do they include even a satisficing or more balanced
solution. The alternatives open are usually mutually exclusive.
The need for productivity and speed inevitably prefers a package
solution but the need to be in control would prefer an 'engine'
approach of using '4GL' tools to develop in-house applications.
Ideally, one should look for an application package developed by
using 4GLs. It appears that this solution can only be brought
about by increased application of 4GL in medical computing and is
likely to be 'egg and chicken' in practice. In view of the market
potential, there will be much more integrated attempts in this
direction.
Meanwhile, the hospital user of course cannot wait and
would have to choose between one alternative or the other. It
appears that the isolated hospital or group of hospitals would
still prefer packages whilst the decision maker of a national
hospital computing policy would continue to have a hard time
choosing on the strengths and having to live with the weaknesses
one way or the other.
Organisation and Strategic Direction
The third conclusion is that medical computing is both
unique in its own applications and similar to computing in other
industries in the factors contributing to managerial effectiveness
and productivity. Medical computing has its own problems,
opportunities and challenges. In order to exploit these
opportunities, hospital executives must respond to the need for
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organisation and strategic direction which are the most
significant factors contributing to managerial effectiveness and
productivity. Nolan in his prognosis of hospital computing (12)
defines the following action plan for the 1980s.
1. Concentrate on priority applications.
2. Develop and centrally manage selected utility
technologies.
3. Develop an adequate funding strategy.
4. Develop the data processing organisation with
technology management skills.
5. Build data proessing planning and controls capabilities.
6. Provide executive leadership.
Nolan says, These six strategic points will guide the
hospital executives in setting direction for the application of
resources. Their focus must be on the overall requirements of the
hospital which go beyond the needs of individual departments and
on directing the resources to resolve these broader business
issues. They must manage, build and maintain the portfolie of
applications develop the human resource integrate the technology
resource and build data as a resource. With this leadership in
place, hospitals can expect to meet the challenges of exploring
the true potential of the computer.
The overall conclusion is that the use of 4GL has a most
significant part to contribute to medical computing but only
within framework of this strategy. Hence the use of 4GL is
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